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Experimental Procedures General
Reactions under anhydrous conditions were carried out under an atmosphere of nitrogen.
Commercial-grade reagents and solvents were used without further purification except as indicated. TLC was run on silica 60 F254 glass sheets. 1H NMR spectra were recorded at 400
MHz and 13C NMR spectra at 100 MHz (δH: CDCl3 7.26 ppm, DMSO-d6 2.50; δC: CDCl3 77.1 ppm, DMSO-d6 39.5). Chemical shifts are reported in ppm relative to either tetramethylsilane or the deuterated solvent as an internal standard for 1H NMR and 13C NMR. 
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Description of Synthesis:
Condensation of 2-amino-4,6-dichloropyrimidine-5-carboxyaldehyde (3) with ethyl hydrazinoacetate salt (4) under basic conditions at 100 o C produced 5 in 91% yield without the need for further purification. The exocyclic amine of 5 was converted to the carbamate via treatment with triphosgene, followed by benzyl alcohol to trap the reactive intermediate. After
column chromatography, compound 6 was isolated in 77% yield as a white powder. The hydrolysis of 6 was accomplished by treatment with finely ground NaOH suspended in anhydrous THF. When aqueous conditions were employed, removal of the Cbz-protecting group on the exocyclic amine drastically reduced overall yield of the reaction. After 15 hours, HPLC analysis showed consumption of starting material leaving two intermediates and the desired product 7. The reaction was then quenched and the contents isolated. The combined mixture was then subjected to another treatment with NaOH in anhydrous THF. After 48 hours, HPLC analysis showed only desired product and the reaction was quenched once more to afford the PPG-acetic acid 7 in 99% yield. The nucleobase acetic acid could then be employed to make different types of PNA monomers. was then added, and the solution was refluxed for an additional 30 minutes. The solution was cooled and filtered via Buckner funnel. The retinate was washed with ~ 100 mL of ethyl acetate and the combined organic layers were concentrated under reduced pressure to afford reddish oil.
Column chromatography (4:1 hexanes to ethyl acetate) produced a 1.27 g (~77% yield) of ethyl
white powder. quenching of the reaction and resubmission to NaOH was found to be the most effective means of avoiding side products which was arduous to remove from the final product. 1 at 40°C, H 2 O (3 mL) was added and the product was extracted with EtOAc (3 × 6 mL). The combined organic layers were washed with 1N HCl (6 mL), saturated aqueous NaHCO 3 (6 mL), H 2 O (6 mL), and brine (6 mL). The organic layer was dried over Na 2 SO 4 and evaporated under reduced pressure and the compound was purified by silica gel column chromatography using 0-4% MeOH in CH 2 Cl 2 as eluents to afford 11 as a white solid material (29 mg, 87% 
2-(6-(((benzyloxy)carbonyl)amino)-4-oxo-4,5-dihydro-1H-pyrazolo[3,4-d]pyrimidin-1-yl)acetic acid (7). Ethyl 2-(6-(((benzyloxy)carbonyl)amino)-4-chloro-1H-pyrazolo
Quantification of PNA Oligomer Conjugates.
Lyophilized PNA oligomers were dissolved in water. The absorbance of an aliquot was determined by UV-VIS spectroscopy after heating the sample for 5 min at 90°C. This was performed in triplicate. Using the extinction coefficient of the analogous DNA oligomer obtained from Applied Biosystems (Life Technologies, Grand Island, NY), the concentration was determined. Table S1 . List of synthesized PNA oligomers.
[a] PNA oligomers are written from N terminus to C terminus. Lys = lysine, Glu = glutamic acid, X = PPG residue, X = (S,S)-trans cyclopentane PPG residue.
DEPC probing assay.
The DEPC probing assay was performed as described previously. Figure S2. PNA invasion measured by S1 nuclease cleavage assay. Percent of cleavage was calculated from the ratio of intensities of the 2683 bp fragment appeared after S1 nuclease cleavage at the PNA invasion site to the intensity of the linear plasmid in the same lane of 1% agarose gel. 
